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Abstract 

Background: Celiac disease (CD) is a major public health problem with estimated 1-3% prevalence in the general 
population. In recent years an increase in CD prevalence has been reported both in Sweden and worldwide. This 
study aimed at examining the annual incidence rate of biopsy-proven celiac disease among children in Sweden 
over a 36-year period, to assess variations by age, sex and birth cohort, and to assess the clinical impact of 
these changes. 

Methods: The National Swedish Childhood CD Register was used to identify 9107 children aged 0-14.9 years who 
were diagnosed with CD during the period 1973 to 2009. From 1973 to 1990 the register covered 15% of the 
nation, this increased to 40% during 1991-1997; a full national coverage was obtained from 1998 onwards. 
Estimations for the annual incidence rate, cumulative incidence and clinical impact by age groups, calendar month 
and birth cohorts were made. 

Results: CD incidence is continuing to increase in the child population aged 2-14.9 years. A continued variation in 
CD incidence was observed in children aged 0-1.9 years, characterized by a marked decrease in most recent years. 
The median age at diagnosis has increased from 1.0 year in the 1970s to 6.8 years in 2009. The average number of 
new cases has risen from -200 during 1973-1983 to -600 during 2004-2009. In the birth cohorts of 2000-2002 the 
cumulative incidence even exceeded that of the epidemic cohorts at comparable ages. The highest cumulative 
incidence was observed in the birth cohorts of 1985-1995 and 2000-2002. 

Conclusions: CD risk varies between birth cohorts, suggesting cyclic environmental and/or lifestyle risk factors 
in CD etiology. More research on underlying risk factors is required in order to move forward with preventive 
strategies. 
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Background 

Celiac disease (CD) is a chronic small intestinal immune- 
mediated enteropathy triggered by the ingestion of gluten 
in genetically susceptible individuals [1]. Children with 
undiagnosed CD are at risk for stunted growth, delayed 
puberty, and many other health problems [2,3]. CD is 
most effectively treated by life-long elimination of wheat, 
rye, and barley, which results in restoration of the intes- 
tinal morphology and alleviation of CD symptoms and 
some associated health risks [4,5]. 
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The National Swedish Childhood CD Register has 
tracked the incidence of CD in children below 15 years 
of age since 1973, revealing a CD epidemic between 
1984 and 1994 among children younger than 2 years of 
age [6,7]. The epidemic was explained by changes over 
time in infant feeding, and by the interaction between 
infant feeding and infections early in life [6-9]. The 
current study aims to examine the annual incidence 
rate of biopsy-confirmed CD among children in 
Sweden over a 36-year period and to assess variations 
by age, sex, and birth cohort as well as the clinical im- 
pact of these changes. 
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Methods 

The National Swedish Childhood CD Register was used to 
identify children from 0 to 14.9 years of age with newly di- 
agnosed CD. The register was established in 1991 and is 
hosted by the unit of Epidemiology and Global Health at 
Umea University, Sweden, and it currently records all new 
probable CD cases identified in Sweden. Children diag- 
nosed with CD between 1973 and 1990 were retrospectively 
added to the register from the records of five pediatric 
units, covering about 15% of the national population. From 
1991 to 1997, 14 pediatric units (40% national coverage) re- 
ported their cases to the register. Nationwide coverage was 
attained in 1998, and all 47 pediatric clinics in Sweden now 
report cases to the register. Other details regarding the 
National Swedish Childhood CD Register can be found 
elsewhere [6]. 

Celiac disease case ascertainment 

CD was ascertained using the diagnostic criteria provided 
by the European Society for Pediatric Gastroenterology, 
Hepatology and Nutrition (ESPGHAN). Before 1990, a 
CD diagnosis required three consecutive small intestinal 
biopsies, the first with a normal gluten-containing diet, 
the second without gluten, and the third after re- 
introduction of gluten [10]. Revised diagnostic criteria, 
which were launched in 1990 and fully adopted in Sweden 
about 10 years later, consider villous atrophy on a normal 
diet, followed by clinical remission on a gluten-free diet, 
as sufficient for diagnosis [11]. 

Using these criteria a total of 9107 children with veri- 
fied CD were identified during the period from 1973 to 
2009. Of these, 2151 were diagnosed from 1973 to 1997, 
and 2922 cases were identified from 1998 to 2003 [6,12]. 
During the last follow-up from 2004 to 2009, 4279 chil- 
dren were reported to the register as suspected CD cases. 
A small intestinal biopsy showing villous atrophy con- 
firmed CD in 4034 of these children, and the remaining 
319 were excluded (Figure 1). 



Population data 

Population data were obtained from Statistics Sweden and 
were divided according to hospital catchment area, time 
period, and age group. The baseline period from 1973 to 
1997 consisted of 598,262 births and 8,909,501 person- 
years of follow-up, the period from 1998 to 2003 had 
454,923 births and 9,777,930 person-years of follow-up 
[6,12] and the period from 2004 to 2009 had 524,909 
births and 9,352,310 person-years of follow-up. 

Statistical analysis 

The occurrence of CD in children is reported as the in- 
cidence rate, cumulative incidence, and clinical impact. 
Annual incidence rates were calculated by dividing the 
number of diagnosed new cases by the number of person- 
years of follow-up, approximated by the mid-year 
population, and were reported per 100,000 person-years. 
Age-specific incidence rates were calculated for the age 
categories 0-1.9, 2-4.9, and 5-14.9 years for the period 
from 1973 to 2009 to enable comparison with previous 
studies. Additional incidence rates were calculated for the 
period from 1998 to 2009, with stratification by age (0, 1, 
2, 3-6, 7-10, and 11-14 years), to examine recent changes 
in detail. Cumulative incidence by age from 1973 to 2009 
was calculated by dividing the number of cases diagnosed 
up to the highest age attained by the number of newborns 
in each birth cohort, and it was reported per 1000 births. 
Clinical impact was defined as the annual number of new 
CD cases diagnosed in the entire country, and was re- 
ported for the age categories 0-1.9, 2-4.9 and 5-14.9 years 
for the period from 1973 to 2009. This was estimated by 
multiplying each annual age-specific incidence rate by 
100,000 person-years, which reflected the average Swedish 
birth cohort of 100,000 children. The statistical signifi- 
cance of differences in CD incidence rates was determined 
with a logistic regression model using CD as a binary 
dependent variable and the year of diagnosis as an explana- 
tory covariate. The log-rank test was used to compare 
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Figure 1 Inclusion and exclusion procedure for CD cases diagnosed from 2004 to 2009. 
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statistical significance in the curves of the cumulative 
incidence for different birth cohorts. Microsoft Excel 
2008 (version 12.3.2) and SPSS 19.0 (SPSS, Chicago, IL) 
were used for all estimations. 

Ethical considerations 

The Research Ethics Committee of all Swedish Medical 
Faculties approved the use of the National Swedish Child- 
hood CD Register. 

Results 

Annual incidence rates from 1973 to 2009 

Over the 36 years of follow-up, there has been an aver- 
age annual increase in CD incidence in the child popula- 
tion of 4% (Odds ratio = 1.04, p <0.001). The average 
baseline incidence rate in children aged 0-14.9 years 
was -10 cases per 100,000 person-years from 1973 to 
1984, and this increased to -33 cases per 100,000 person- 
years from 1985 to 1994. A temporary decline occurred 
from 1995 to 1997, with an average incidence rate of 25 
cases per 100,000 person-years, but the rate increased 
again from 1998 to 2003 and from 2004 to 2009, reaching 
31 cases per 100,000 person-years and 42 cases per 
100,000 person-years, respectively (Figure 2A). 

Figure 2B shows a remarkable variation over time in 
the CD rate in children younger than 2 years of age. In 
the 1970s, the incidence rate was about 65 cases per 
100,000 person-years. The incidence rate increased sharply 
in the mid 1980s, and during the period from 1985 to 1994 
the average incidence rate was 189 cases per 100,000 



person-years. This was followed by an abrupt decline start- 
ing in 1995, and by 2000 the average incidence rate was 
about 77 cases per 100,000 person-years. A temporary in- 
crease occurred from 2001 to 2003, reaching 85 cases per 
100,000 person-years, but the rate declined again during 
the period from 2004 to 2009 to 48 cases per 100,000 
person-years, which was the lowest rate in this age group 
since surveillance was initiated. 

Children aged 2-4.9 years experienced a gradual but 
persistent increase over time in the incidence rate of 
CD. We estimated an average incidence rate of 53 cases 
per 100,000 person-years during the period from 2004 
to 2009, a rate ten times higher than that observed dur- 
ing the period from 1973 to 1984 (Figure 2B). 

A similar pattern was seen in children aged 5-14.9 years, 
but it was always at a lower level compared to the younger 
age groups. Over the period from 1973 to 1984 the aver- 
age incidence rate was about 1 per 100,000 person-years, 
and this increased to - 4 cases per 100,000 person-years 
from 1985 to 1994, and continued to rise to 23 cases per 
100,000 person-years from 1998 to 2003 (Figure 2B). Dur- 
ing the period 2004 to 2009, the mean average incidence 
rate reached 38 cases per 100,000 person-years. 

Age-specific annual incidence rates from 1998 to 2009 

The CD incidence rate varied considerably over the 
period from 1998 to 2009 for all age groups (Figure 2C). 
The already low CD incidence rate among children below 
one year of age decreased further to become negligible. 
The highest incidence rate was always found in the age 
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Figure 2 The annual incidence rate of CD in Swedish children from 1973 to 2009. A) The average incidence rate for children of all ages. B) 
The incidence rate stratified in three age groups. C) More detailed information on the incidence rate for the period from 1998 to 2009. 
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group 1-1.9 years and was characterized by an upward 
trend from 1998 to 2003, followed by an explicit decline 
from 2004 to 2008 and a slight increase again in 2009. In 
children 2-2.9 years of age, the incidence rate increased 
from 1998 to 2005 and then declined, and by 2008 it had 
reached a level similar to that observed in older children. 
Throughout this period from 1998 to 2008, the CD in- 
cidence rates in children aged 3-6.9, 7-10.9, and 11- 
14.9 years were about the same and were characterized 
by a slow but persistent increase over time. 



period the number of new cases was highest in children 
aged 5-14.9 years. 

Age at diagnosis 

From 1973 to 1994 the median age at diagnosis, was esti- 
mated at 1.1 years, interquartile range 0.8-1.5 years, and 
it remained very low. Starting in 1995 the median age at 
diagnosis abruptly shifted to 4.6 years (interquartile range 
1.6-8.3 years). The median age at diagnosis has slowly 
continued to increase up to 6.7 years (interquartile range 
3.1-11.1 years) during the period 2004 to 2009. 



Clinical impact 

Considering the whole period from 1973 to 2009, the 
annual number of cases diagnosed increased over time 
except for a temporary drop during the period 1995 to 

1997 (Figure 3A). Between 1973 and 1984, ~ 200 new 
cases were detected annually and almost all cases were 
found in children younger than 2 years of age. In the 
mid-1980s there was an abrupt increase, and the annual 
number of diagnosed cases was -500. This rate remained 
high until the mid 1990s. During this period nearly all 
new CD cases were still diagnosed in children less than 
two years of age, but CD had also become slightly more 
common in those aged 2-14.9 years (Figure 3A). From 

1998 to 2009 the annual number of newly detected cases 
gradually increased up to -600 cases, and during this time 



Sex-distribution 

The incidence rate of CD over the entire follow-up 
period is about twice as high in girls compared to boys. 
Among the newly diagnosed children (2004-2009), CD 
was confirmed in 2546 girls (63%) and 1488 boys (37%). 
These figures are in accordance with the sex distribution 
seen in our previous studies covering the period from 
1973 to 2003 [6,12]. 

Cumulative incidence 

The epidemic birth cohorts (1984-1994) maintained the 
highest cumulative incidence at comparable ages over 
the entire follow-up period until 2009, and the only ex- 
ceptions to this pattern were the cohorts of 2000-2002 
(Figure 4). The epidemic cohorts were characterized by 
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Figure 3 New cases and age at diagnosis. A) The estimated number of new CD cases annually in the Swedish childhood population during 
the period from 1973 to 2009. B) The median age at CD diagnosis for children 0-14.9 years of age from 1973 to 2009. 
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a rapid increase in the cumulative incidence during the 
first 2 years of age, followed by a gradual but continuous 
increase up to 14 years of age, which was the highest age 
for follow-up in this study. None of the post-epidemic birth 
cohorts have had such a sharp increase in cumulative inci- 
dence before 2 years of age, but have instead shown a grad- 
ual increase as birth cohorts grow older (Figure 4). 

The cumulative incidence of the post-epidemic birth 
cohorts of 1995-1999 was significantly lower compared 
to both the epidemic cohorts (1985-1994, p <0.001) and 
the post-epidemic high-incidence cohorts of 2000-2002 
(p <0.001). As the age of the birth cohorts increased, the 
gap between the incidence of the epidemic birth cohorts 
and that of the cohorts of 1995-1999 narrowed. The cu- 
mulative incidence of the birth cohorts of 2000-2002 
reached, and even exceeded, that of the epidemic co- 
horts (1985-1994) during the last years of follow-up 
when these cohorts were 6 to 9 years of age (Figure 4). 

The birth cohorts of 2006-2008 diverged from other 
post-epidemic birth cohorts by having the lowest cumula- 
tive incidence up to 3 years of age ever reported since the 
surveillance program started in 1973. The pre-epidemic 
cohorts of 1973-1984 still had the lowest reported cumu- 
lative incidence over the age span of 4 to 14 years of age. 

Discussion 

This study shows considerable changes in CD risk over 
time in Sweden that are dependent on age and year of 



birth. Over the 36 years of follow-up we have observed 
an overall increase in CD risk in the entire child popula- 
tion except for a temporary decline from 1995 to 1997. 
At the same time, a substantial drop in CD incidence 
has occurred in the subgroup of children below 2 years 
of age, with almost zero CD cases diagnosed within the 
first year of life. The changing CD pattern is also illus- 
trated by a continued increase in the median age at diag- 
nosis. Our findings from cumulative incidence analysis 
suggest that year of birth may determine specific CD 
risks, exemplified by excess risk in the birth cohorts of 
1985-1995 and 2000-2002. The observed fluctuations in 
CD cannot be explained by genetic changes, and therefore 
strongly suggest the role of cyclic environmental and life- 
style risk factors in CD etiology. 

The main strength of this study is the identification of 
CD cases through the Swedish National Childhood CD 
Register, with a prospective reporting since 1998 from 
all pediatric departments in the country. Differences in 
population coverage may not have introduced any major 
biases, since our findings for the period from 1973 to 
1990, with 15% coverage of the total child population are 
comparable to findings from an earlier national wide study 
conducted during the same period [13]. We have also pre- 
viously shown that 40% coverage was sufficient for esti- 
mating the national CD incidence [12]. 

In this study CD diagnosis was based on villous atro- 
phy in order to avoid overestimation of the CD risk. We 



Namatovu et al. BMC Gastroenterology 2014, 14:59 
http://www.biomedcentral.com/1471-230X/14/59 



Page 6 of 8 



excluded all cases without villous atrophy even if they 
had elevated serological markers, minor enteropathy and 
symptoms typical for CD. The observed overall increase 
cannot by due to mass screening for the general population 
since this has not been implemented in Sweden. Addition- 
ally, serological testing in genetically susceptible high-risk 
populations is encouraged and conducted liberally. How- 
ever, this cannot be solely responsible for the observed 
increase. The latest ESPGHAN guidelines where CD 
diagnosis may be based on serological markers were in- 
troduced in 2012 [14] and therefore did not influenced 
our findings since our follow-up ended in 2009. 

The limitation of this study is that the CD register pri- 
marily captures cases detected clinically. However, it is 
well established that most CD cases both worldwide and 
in Sweden remain undiagnosed, and thus most CD stud- 
ies and knowledge of CD are limited to clinical cases 
[15,16]. In fact, our recent CD screening study revealed 
two thirds of all cases were only identified through 
screening [17]. 

We found an overall increase in CD incidence in chil- 
dren mainly due to a rising incidence in children aged 
2-14.9 years. An increase in CD occurrence [18-23] along 
with other immune-mediated disorders such as diabetes, 
asthma, and inflammatory bowel disease, is not unique to 
Sweden and has been reported elsewhere [24-26]. In- 
creased awareness may be one of the contributing factors 
to the rising incidence observed in children aged 2- 
14.9 years. However, this is insufficient in explaining varia- 
tions seen in the youngest children in whom there has 
been a sharp increase from 1985 to 1994, a sudden decline 
from 1995 to 1997 and yet again a rapid increase from 
2000 to 2002 followed by a persistent decline. 

The median age at diagnosis has increased throughout 
this follow-up; between 1973 and 1994 it was 1.2 years, 
and rose to 6.7 years from 2004 to 2009. The upward 
shift in age at diagnosis can partly be explained by the 
fact that the epidemic birth cohorts of 1985-1995 are 
getting older and are carrying along an excess risk. How- 
ever we also notice a similar pattern in the post epidemic 
birth cohorts thus suggesting additional exposures that 
are probably related to modern life-styles and are yet to be 
identified. Increased awareness of CD symptoms that are 
typical in older children, as well as screening of siblings, 
could have contributed to the shift towards an older age at 
diagnosis, but the role of additional environmental factors 
should not be overlooked. 

The variations in incidence among children below 2 years 
of age strongly suggest a role of environmental and/or life- 
style exposures that change over time. We have previously 
shown that infant feeding practices have played a crucial 
role in the onset and the end of a 10-year Swedish CD epi- 
demic during the mid 1980s up until 1995 [6,7]. The con- 
tinuing drop in incidence among children below 2 years of 



age began in 1995, coinciding with a one-third decrease in 
the average daily consumption of gluten-containing flour 
in children younger than 2 years of age, and introduction 
of the new national infant feeding recommendation that 
encouraged introduction of gluten in smaller amounts and 
preferably from 4 months of age with continued breast- 
feeding [6]. To date this recommendation remains in effect 
and most likely contributes to the continued CD decline in 
the youngest age group. 

We previously showed a gap in the cumulative inci- 
dence between the epidemic and post-epidemic cohorts, 
but as both cohorts grow older, the gap continues to 
narrow. This is true regardless of whether cases were 
clinically detected or detected through screening [12,16]. 
In fact, during this follow-up, the cumulative incidence 
of the post-epidemic cohorts of 2000-2002 has sur- 
passed that of the epidemic birth cohort (1985-1995) at 
certain ages. It is not yet clear as to why the 2000-2002 
birth cohorts have a higher risk compared to other post- 
epidemic cohorts, since infant feeding guidelines have 
remained the same to date, thus stressing the role of 
other yet unidentified environmental risk factors. 

Other environmental and lifestyle factors such as an 
increase in gluten consumption may explain the observed 
changes including the gradual increase seen over time 
among children 2-14.9 years, but can hardly explain the 
shorter and sudden changes that have been observed, es- 
pecially in children below 2 years of age. The variations in 
the youngest children seemed to have an epidemic pattern 
both in period from 1985 to 1995 and the period from 
2000 to 2002 and therefore are more likely to be associ- 
ated with periodical changes such as episodes of infections 
[8,27,28]. Interestingly, during the Swedish CD epidemic, 
rod-shaped bacteria were often found in the small intes- 
tinal mucosa of children with CD, but not in controls, and 
rarely in biopsies from later periods [29]. Changes in the 
intestinal microbiota have also been associated with CD 
susceptibility and might play a role in explaining our ob- 
servations [30-32]. 

Another crucial factor that needs to be examined is 
whether the observed CD increase is due to increasing 
immigration. Sweden, just like other European countries, 
has experienced a positive trend of net migration from 
abroad. Nevertheless, it is unlikely that the demonstrated 
CD increase is due to increasing immigration, because the 
majority of the immigrant population comes from low CD- 
prevalent countries. During the 1980s, immigration was 
mainly from Iran, Lebanon, Poland and Turkey. In the 
1990s immigration was mainly from the former Yugoslavia, 
and in the 2000s from Iraq, Somalia, Afghanistan and 
Ethiopia [33]. Moreover, a recent study of worldwide im- 
migration in Sweden showed non-European ethnicities to 
have a much lower CD susceptibility compared to the na- 
tive population [34]. 
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Conclusion 

In conclusion, this study demonstrates a significant rise 
in the incidence of childhood CD from 1973 to 2009. 
From following the child population of CD in Sweden 
for 36 years we have learned that CD incidence seems to 
be heavily influenced by changes in the environment and 
lifestyles. This implies that CD research should prioritize 
identification of new environmental agents that could 
contribute to new preventive strategies in addition to in- 
fant feeding, which is already implemented in both Europe 
and the US [35]. 

Abbreviation 

CD: Celiac disease. 

Competing interests 

There are no competing interests to disclose. 
Authors' contributions 

Al, CO and OS were responsible for the original study design and data 
collection. NF and ML prepared data for analysis and jointly analyzed the 
data. NF wrote the first draft of the manuscript and all authors contributed 
in interpretation the study findings, consecutive revisions and all approval 
this submitted version of the manuscript. 

Acknowledgments 

The authors would like to thank Susanne Walther for her administrative 
support. The study was undertaken within the Centre for Global Health 
Research at Umea University with support from the Swedish Council for 
Working Life and Social Research, FAS, and the Swedish Council for Working 
Life and Social Research. 

Author details 

department of Public Health and Clinical Medicine, Epidemiology and 
Global Health, Umea University, Umea SE-901 87, Sweden, department of 
Clinical Sciences, Paediatrics, Umea University, Umea, Sweden, department 
of Food and Nutrition, Umea University, Umea, Sweden. 

Received: 17 January 2014 Accepted: 27 March 2014 
Published: 2 April 2014 

References 

1. Ludvigsson JF, Leffler DA, Bai JC, Biagi F, Fasano A, Green PHR, Hadjivassiliou M, 
Kaukinen K, Kelly CP, Leonard JN, Lundin KEA, Murray JA, Sanders DS, 

Walker MM, Zingone F, Ciacci C: The Oslo definitions for coeliac disease and 
related terms. Gut 2013, 62:43-52. 

2. Fasano A: Clinical presentation of celiac disease in the pediatric 
population. Gostroenterology 2005, 128(Suppl 4):68-73. 

3. Telega G, Bennet TR, Werlin S: Emerging new clinical patterns in the 
presentation of celiac disease. Arch Pediotr Adolesc Med 2008, 162:164-168. 

4. Green PHR: Where are all those patients with celiac disease? Am J 
Gastroenterol 2007, 102:1461-1463. 

5. Ludvigsson JF, Fasano A: Timing of introduction of gluten and celiac 
disease risk. Ann Nutr Metob 2012, 60(Suppl 2):22-29. 

6. Ivarsson A, Persson LA, Nystrom L, Ascher H, Cavell B, Danielsson L, 
Dannaeus A, Lindberg T, Lindquist B, Stenhammar L, Hernell O: Epidemic of 
coeliac disease in Swedish children. Acta Paediatr 2000, 89:165-171. 

7. Ivarsson A, Hernell O, Stenlund H, Persson LA: Breast-feeding protects 
against celiac disease. Am J Clin Nutr 2002, 75:914-921. 

8. Myleus A, Hernell O, Gothefors L, Hammarstrom ML, Persson LA, Stenlund H, 
Ivarsson A: Early infections are associated with increased risk for celiac 
disease: an incident case-referent study. BMC Pediatr 2012, 12:194. 

9. Ivarsson A: The Swedish epidemic of coeliac disease explored using an 
epidemiological approach - some lessons to be learnt. Best Pract Res CI 
Ga 2005, 19:425-440. 

10. Meeuwiss GW: Diagnostic criteria in coeliac disease. European society for 
paediatric gastroenterology meeting in interlaken, September 18, 1969. 
Acta Paediatr Scand 1970, 59:461-464. 



1 1 . Walker-Smith JA, Guandalini S, Schmitz J, Shmerling DH, Visakorpi JK: 
Revised criteria for diagnosis of ceoliac disease. Report of working group 
of European society of paediatric gastroenterology and nutrition. 

Arch Dis Child 1990, 65:909-91 1. 

12. Olsson C, Hernell O, Hornell A, Lonnberg G, Ivarsson A: Difference in celiac 
disease risk between Swedish birth cohorts suggests an opportunity for 
primary prevention. Pediatrics 2008, 1 22:528-534. 

13. Cavell B, Stenhammar L, Ascher H, Danielsson L, Dannaeus A, Lindberg T, 
Lindquist B: Increasing incidence of childhood celiac disease in 
Sweden - results of a national study. Acta Paediatr 1992, 81:589-592. 

14. Husby S, Koletzko S, Korponay-Szabo IR, Mearin ML, Phillips A, Shamir R, 
Troncone R, Giersiepen K, Branski D, Catassi C, Lelgeman M, Maki M, 
Ribes-Koninckx C, Ventura A, Zimmer KP: European society for pediatric 
gastroenterology, hepatology, and nutrition guidelines for the diagnosis 
of coeliac disease. J Pediatr Gastroenterol Nutr 2012, 54(1 ):1 36-1 60. 

15. Kolho K-L, Farkkila MA, Savilahti E: Undiagnosed coeliac disease is 
common in Finnish adults. Scand J Gastroenterol 1998, 33:1280-1283. 

16. Ivarsson A, Persson LA, Juto P, Peltonen M, Suhr O, Hernell O: High 
prevalence of undiagnosed coeliac disease in adults: a Swedish 
population-based study. J Intern Med 1999, 245:63-68. 

1 7. Myleus A, Ivarsson A, Webb C, Danielsson L, Hernell O, Hogberg L, Karlsson E, 
Lagerqvist C, Norstrom F, Rosen A, Sandstrom O, Stenhammar L, Stenlund H, 
Wall S, Carlsson A: Celiac disease revealed in 3% of Swedish 12-year-olds 
born during an epidemic. J Pediatr Gastroenterol Nutr 2009, 49:1 70-1 76. 

18. Ress K, Luts K, Rago T, Pisarev H, Uibo O: Nationwide study of childhood 
celiac disease incidence over a 35-year period in Estonia. Eur J Pediatr 
2012, 171:1823-1828. 

19. Lohi S, Mustalahti K, Kaukinen K, Laurila K, Collin P, Rissanen H, Lohi O, Bravi E, 
Gasparin M, Reunanen A, Maki M: Increasing prevalence of coeliac disease 
over time. Aliment Pharmacol Ther 2007, 26:1 21 7-1 225. 

20. Garampazzi A, Rapa A, Mura S, Capelli A, Valori A, Boldorini R, Oderda G: 
Clinical pattern of celiac disease is still changing. J Pediatr Gastroenterol 
Nutr 2007, 45:611-614. 

21 . Rajani S, Huynh HQ, Turner J: The changing frequency of celiac disease 
diagnosed at the Stollery children's hospital. Can J Gastroenterol 2010, 
24:109-112. 

22. Whyte LA, Jenkins HR: The epidemiology of coeliac disease in South 
Wales: a 28-year perspective. Arch Dis Child 2013, 98:405-407. 

23. West J, Logan RFA, Hill PG, Lloyd A, Lewis S, Hubbard R, Reader R, Holmes GKT, 
Khaw KT: Seroprevalence, correlates, and characteristics of undetected 
coeliac disease in England. Gut 2003, 52:960-965. 

24. Berhan Y, Waernbaum I, Lind T, Mollsten A, Dahlquist G, Grp SCDS: Thirty 
years of prospective nationwide incidence of childhood type 1 diabetes. 
The accelerating increase by time tends to level off in Sweden. Diabetes 
2011,60:577-581. 

25. Okada H, Kuhn C, Feillet H, Bach JF: The 'hygiene hypothesis' for 
autoimmune and allergic diseases: an update. Clin Exp Immunol 2010, 
160:1-9. 

26. White LE, Merrick VM, Bannerman E, Russell RK, Basude D, Henderson P, 
Wilson DC, Gillett PM: The rising incidence of Celiac disease in Scotland. 
Pediatrics 2013, 132:924-931. 

27. Bach JF: Mechanisms of disease: the effect of infections on susceptibility 
to autoimmune and allergic diseases. N Engl J Med 2002, 347:91 1-920. 

28. Holm S, Andersson Y, Gothefors L, Lindberg T: Increased protein 
absorption after acute gastroenteritis in children. Acta Paediatr 1992, 
81:585-588. 

29. Stene LC, Honeyman MC, Hoffenberg EJ, Haas JE, Sokol RJ, Emery L, Taki I, 
Norris JM, Erlich HA, Eisenbarth GS, Rewers M: Rotavirus infection 
frequency and risk of celiac disease autoimmunity in early childhood: a 
longitudinal study. Am J Gastroenterol 2006, 101:2333-2340. 

30. Penders J, Thijs C, van den Brandt PA, Kummeling I, Snijders B, Stelma F, 
Adams H, van Ree R, Stobberingh EE: Gut microbiota composition and 
development of atopic manifestations in infancy: the KOALA Birth 
Cohort Study. Gut 2007, 56:661-667. 

31. Sartor RB: Microbial influences in inflammatory bowel diseases. 
Gastroenterology 2008, 134:577-594. 

32. Sellitto M, Bai G, Serena G, Fricke WF, Sturgeon C, Gajer P, White JR, Koenig SSK, 
Sakamoto J, Boothe D, Gicquelais R, Kryszak D, Puppa E, Catassi C, Ravel J, 
Fasano A: Proof of concept of microbiome-metabolome analysis and 
delayed Gluten exposure on celiac disease autoimmunity in genetically 
at-risk infants. PloS One 2012, 7:1-13. 



Namatovu et al. BMC Gastroenterology 2014, 14:59 
http://www.biomedcentral.com/1471-230X/14/59 



Page 8 of 8 



33. Statistics Sweden: Immigration and Emigration in the Postwar Period. 

Demographic report 2004 [scb-2005-be51st0504_pdf] 

34. Ji JG, Ludvigsson JF, Sundquist K, Sundquist J, Hemminki K: Incidence of 
celiac disease among second-generation immigrants and adoptees from 
abroad in Sweden: evidence for ethnic differences in susceptibility. 

Scand J Gastroenterol 201 1, 46:844-848. 

35. Agostoni C, Braegger C, Decsi T, Kolacek S, Koletzko B, Michaelsen KF, 
Mihatsch W, Moreno LA, Puntis J, Shamir R, Szajewska H, Turck D, 
Van Goudoever J: Breast-feeding: a commentary by the ESPGHAN 
committee on nutrition. J Pediatr Gastroenterol Nutr 2009, 49:1 1 2-1 25. 



doi:1 0.1 186/1 471 -230X-1 4-59 

Cite this article as: Namatovu et al:. Celiac disease risk varies between 
birth cohorts, generating hypotheses about causality: evidence from 
36 years of population-based follow-up. BMC Gastroenterology 2014 14:59. 



Submit your next manuscript to BioMed Central 
and take full advantage of: 

• Convenient online submission 

• Thorough peer review 

• No space constraints or color figure charges 

• Immediate publication on acceptance 

• Inclusion in PubMed, CAS, Scopus and Google Scholar 

• Research which is freely available for redistribution 



Submit your manuscript at f~\ RiftMM i rpntral 

www.biomedcentral.com/submit \^ ™omea centra I 



